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Online Resource 1. Methods used for peak assignment. 
# Metabolite 
YMDB or 
HMBD ID 
KEGG 
C-Number 
400 MHz 
1
H 
NMR 
Spectral info. 
from extracts 
Supplementation 
1 L-threonine YMDB00214 C00188 NO 1D, 2D-TOCSY, J YES 
2 Ethanol YMDB00883 C00469 NO 1D, 2D-TOCSY, J NO 
3 Fatty acids  -   -  NO 1D NO 
4 L-glutamate YMDB00271 C00025 NO 1D, 2D-TOCSY, J YES 
5 Glutathione YMDB00160 C00051 YES 1D, 2D-TOCSY, J YES 
6 L-histidine YMDB00369 C00135 YES 1D, 2D-TOCSY, J NO 
7 Formic acid YMDB00385 C00058 NO 1D, 2D-TOCSY NO 
8 NAD
+
 YMDB00110 C00003  NO 1D, 2D-TOCSY, J YES 
9 L-valine YMDB00152 C00183 NO 1D, 2D-TOCSY, J NO 
10 AMP YMDB00097 C00020  YES 1D, 2D-TOCSY YES 
11 L-lysine YMDB00330 C00047 NO 1D, 2D-TOCSY, J YES 
12 L-arginine YMDB00592 C00062 NO 1D, 2D-TOCSY, J YES 
13 L-isoleucine YMDB00038 C00407 NO 1D, 2D-TOCSY, J YES 
14 Acetic acid YMDB00056 C00033 NO 1D, 2D-TOCSY NO 
15 L-leucine YMDB00387 C00123 NO 1D, 2D-TOCSY, J YES 
16 L-phenylalanine YMDB00304 C00079 YES 1D, 2D-TOCSY NO 
17 Cytosine YMDB00651 C00380 NO 1D, 2D-TOCSY NO 
18 L-glutamine YMDB00002 C00064 NO 1D, 2D-TOCSY, J YES 
19 Orotidine HMDB00788  -  NO 1D, 2D-TOCSY NO 
20 L-alanine YMDB00154 C00041 NO 1D, 2D-TOCSY, J NO 
21 Orotic acid YMDB00405 C00295 NO 1D, 2D-TOCSY, J YES 
22 L-lactic acid YMDB00247 C00186  NO 1D, 2D-TOCSY, J YES 
23 Glycine YMDB00016 C00037  NO 1D, 2D-TOCSY YES 
24 L-aspartic acid YMDB00896 C00049 NO 1D, 2D-TOCSY, J NO 
25 Uracil YMDB00098 C00106 NO 1D, 2D-TOCSY YES 
26 L-tyrosine YMDB00364 C00082 NO 1D, 2D-TOCSY, J NO 
27 Glycerol YMDB00283 C00116 YES 1D, 2D-TOCSY, J YES 
28 Glycerophosphocholine YMDB00309 C00670  YES 1D, 2D-TOCSY, J YES 
29 ADP YMDB00914 C00008 YES 1D, 2D-TOCSY YES 
30 L-proline YMDB00378 C00148  NO 1D, 2D-TOCSY, J YES 
31 D-glucose YMDB00286 C00031 NO 1D, 2D-TOCSY, J YES 
32 Citric acid YMDB00086 C00158 NO 1D, 2D-TOCSY, J YES 
33 L-asparagine YMDB00226 C00152 NO 1D, 2D-TOCSY, J YES 
34 Succinic acid YMDB00338 C00042  NO 1D, 2D-TOCSY, J NO 
35 ATP YMDB00109 C00002 YES 1D, 2D-TOCSY YES 
36 Adenine YMDB00887 C00147 NO 1D, 2D-TOCSY YES 
37 Hypoxanthine YMDB00555 C00262  NO 1D, 2D-TOCSY YES 
38 Trehalose YMDB00008 C01083  NO 1D, 2D-TOCSY YES 
Online Resource 2.  Spectroscopic parameters for each assigned resonance.  
# Name ppm J H M. Raster  
1 L-Ile 0.928 7.44 3 t  
2 L-Leu 0.946 6.10 3 d  
3 L-Leu 0.954 6.10 3 d  
4 L-Val 0.978 7.01 3 d  
5 L-Ile 1.000 7.06 3 d  
6 L-Val 1.029 7.05 3 d  
7 EtOH 1.170 7.08 3 t  
8 FA 1.237 - 4
1 
 
 
 
 
s  
9 L-Ile 1.240 - 1 m YES 
10 L-Lac 1.313 7.00 3 d  
11 L-Thr 1.316 6.60 3 d  
12 L-Ile 1.406 - 2 m YES 
13 L-Lys 1.465 - 2 m YES 
14 L-Ala 1.468 7.14 3 d  
15 L-Arg 1.690 - 2 m YES 
16 L-Lys 1.720 - 2 m YES 
17 L-Leu 1.700 - 3 m YES 
18 DSS 1.748 - 2 m YES 
19 L-Lys 1.880 - 2 m YES 
20 HAc 1.904 - 3 s  
21 L-Arg 1.907 - 2 m YES 
22 L-Ile 1.968 - 1 m YES 
23 L-Glu 1.99-
2.17 
- 2 Σs  
24 L-Pro 2.030 - 3 m YES 
25 GSH 2.118 7.67,
6.30 
2 td  
26 L-Gln 2.124 - 2 m YES 
27 L-Val 2.260 - 1 m YES 
28 L-Glu 2.340 - 2 m YES 
29 L-Pro 
 
2.341 - 1 m YES 
30 Succ. 2.390 - 4 s  
31 L-Gln 2.441 - 2 m YES 
32 Citr. 2.507 - 0.78 s  
33 Citr. 2.545 - 1.29 s  
34 GSH 2.547 7.40,
3.04 
2 td  
35 Citr. 2.631 - 1.22 s  
36 L-Asp 2.641 8.85 0.33 d  
37 Citr. 2.669 - 0.70 s  
38 L-Asp 2.685 8.85 0.67 d  
39 L-Asp 2.780 3.72 0.67 d  
40 L-Asp 2.825 3.72 0.33 d  
41 L-Asn 2.830 7.58 0.29 d  
42 L-Asn 2.870 7.57 0.71 d  
43 DSS 2.910 - 2 m YES 
44 L-Asn 2.922 4.34 0.71 d  
45 L-Tyr 2.933 7.75 0.67 d  
46 GSH 2.938 - 2 m YES 
47 L-Tyr 2.958 7.78 0.33 d  
48 L-Asn 2.965 4.37 0.29 d  
49 L-Lys 3.000 - 2 m YES 
50 L-Tyr 3.077 5.18 0.67 d  
51 L-Tyr 3.101 5.17 0.33 d  
52 L-His 3.160 1.93 0.31 d  
53 L-His 3.190 3.09 0.69 d  
54 GPC 3.217 - 9 s  
55 Glucose 3.221 7.96 0.29 d  
56 L-His 3.230 3.09 0.69 d  
57 L-Arg 3.232 6.93 2 t  
58 Glucose 3.243 7.82 0.35 d  
59 L-His 3.250 1.93 0.31 d  
60 Trehalose 3.438 9.34 2.06 t  
61 Glucose 3.460 - 2.63 m YES 
62 GlyOH 3.546 - 2.07 m YES 
63 Gly 3.547 - 2 s  
64 L-Thr 3.575 4.76 1 d  
65 Trehalose 3.624 3.90 0.9 d  
66 GPC 3.635  4 m YES 
67 EtOH 3.643 7.07 2 q  
68 GlyOH 3.645 - 2.12 m YES 
 69 Trehalose 3.648 - 1.14 m YES 
70 L-Ile 3.662 3.97 1 d  
71 L-Leu 3.723 - 1 m YES 
72 L-Glu 3.746 7.19,
4.72 
2 dd  
73 L-Lys 3.747 6.11 1 t  
74 GSH 3.750 - 3 m YES 
75 L-Arg 3.762 6.11 1 t  
76 GlyOH 3.770 6.50, 
4.37 
0.79 tt  
77 L-Ala 3.787 7.20 1 q  
78 Glucose 3.790 - 2.75 m YES 
79 Trehalose 3.81 - 7.74 m YES 
80 GPC 3.895 - 3 m YES 
81 L-His 3.975 7.75, 
4.92 
1 dd  
82 L-Asp 4.000 7.60, 
4.35 
1 dd  
83 L-Lac 4.097 6.92 1 q  
84 L-Pro 4.120 8.80, 
6.17 
1 dd  
85 L-Thr 4.237 - 1 m YES 
86 GPC 4.315 - 2 m YES 
87 GSH 4.562 7.01,
5.22 
1 dd  
88 Glucose 4.634 7.97 0.61 d  
89 Trehalose 5.184 3.84 2 d  
90 Glucose 5.220 3.79 0.36 d  
91 Orotidine 5.540 3.30 1 d  
92 Orotidine 5.760 - 1 s  
93 Uracil 5.790 7.75 1 d  
94 Cyt. 5.973 8.17 1 d  
95 NAD
+
 6.025 5.86 1 d  
96 NAD
+
 6.075 5.27 1 d 
dD 
 
97 AMP 6.130 5.96 1 d  
98 Orotate 6.177 - 1 s  
99 L-Tyr 6.888 8.68 2 d  
100 L-Hys 7.097 0.58 1 d  
101 L-Tyr 7.182 8.68 2 d  
102 L-Phe 7.370 - 5 m YES 
103 Uracil 7.525 7.65 1 d  
104 L-Hys 7.907 1.13 1 d  
105 NAD
+
 8.160 - 1 s  
106 NAD
+
 8.171 6.09 0.5 d  
107 Adenine 8.184 - 1 s  
108 Hyp. 8.191 7.94 2 d  
109 NAD
+
 8.191 6.29 0.5 d  
110 Adenine 8.232 - 1 s  
111 AMP 8.256 - 1 s  
112 ADP 8.257 - 1 s  
113 ATP 8.259 - 1 s  
114 NAD
+
 8.416 - 1 s  
115 Formate 8.442 - 1 s  
116 ADP 8.526 - 1 s  
117 ATP 8.534 - 1 s  
118 AMP 8.591 - 1 s  
119 NAD
+
 8.822 8.22 1 d  
120 NAD
+
 9.132 6.14 1 d  
121 NAD
+
 9.323 - 1 s  
1
Fatty acids number of protons is defined arbitrarily to 4 in order to obtain a concentration value 
comprised within the concentration range for the other estimated metabolites. 
H: Number of protons, M.:Multiplet. Raster: The signal is modelled as a raster multiplet or not. 
 
Parameter Value
Intensity scale factor 800000
Number of post-burn-in iterations 1000
Number of parallel processes 3
Number of spectra to be modelled 30
Spectrometer frequency (MHz) 400
Number of burn-in iterations 2000
Online Resource 3. Input parameters modified from the default batmanoptions.txt template.
  
Online Resource 4. a. PCA projection of the 1H NMR mean-centered spectra on the two first 
principal components subspace. b. Hotelling T2 against the Q Residuals scatterplot of each 
NMR spectrum. c. LV1 OSC-PLS-DA Scores plot. d. VIP scores plot represented against the 
chemical shift, in logarithmic y-scale. VIPscore threshold of 1 and of 100 is represented by 
dashed and dotted lines, respectively. e. Histogram of the VIP score plot, in a logarithmic x-
scale. 
 
Online Resource 5. RMSEC and RMSECV values obtained for the different chemometric models 
used. 
  1H NMR data 
Concentraction 
estimates 
PCA 
RMSEC 0.090 0.655 
RMSECV 8.058 0.960 
PLS-DA 
RMSEC 0.005 0.0139 
RMSECV 0.103 6.036 
 
Online Resource 6. Fold changes concentration for metabolites identified in yeast extracts. 
 
Metabolite 
[]37/[]30 p-value
1
 
30°C 37°C 
Mean
2 
SD
3
 Mean
2 
SD
3
 
L-threonine 0.63 *** 2.62 x 10
-1
 1.65 x 10
-2
 1.66 x 10
-1
 1.07 x 10
-2
 
Ethanol 1.48 
 
1.25 x 10
-1
 1.19 x 10
-1
 1.84 x 10
-1
 1.55 x 10
-1
 
Fatty acids 0.39 *** 1.58 x 10
-1
 8.33 x 10
-2
 6.12 x 10
-2
 2.74 x 10
-2
 
L-glutamic acid 0.94 * 1.33 x 10
-1
 8.94 x 10
-3
 1.25 x 10
-1
 8.45 x 10
-3
 
Glutathione 0.47 *** 1.16 x 10
-1
 1.77 x 10
-2
 5.45 x 10
-2
 1.20 x 10
-2
 
L-histidine 1.22 *** 9.30 x 10
-2
 1.10 x 10
-2
 1.13 x 10
-1
 1.18 x 10
-2
 
Formic acid 0.52 *** 8.07 x 10
-2
 1.90 x 10
-2
 4.22 x 10
-2
 7.23 x 10
-3 
NAD
+
 0.69 *** 6.52 x 10
-2
 7.22 x 10
-3
 4.48 x 10
-2
 4.09 x 10
-3
 
L-valine 0.66 *** 6.43 x 10
-2
 7.09 x 10
-3
 4.25 x 10
-2
 4.80 x 10
-3
 
AMP 0.72 *** 6.12 x 10
-2
 6.42 x 10
-3
 4.42 x 10
-2
 4.59 x 10
-3
 
L-lysine 1.18 *** 5.07 x 10
-2
 3.34 x 10
-3
 5.96 x 10
-2
 4.21 x 10
-3
 
L-arginine 0.87 ** 4.99 x 10
-2
 5.14 x 10
-3
 4.36 x 10
-2
 5.19 x 10
-3
 
L-isoleucine 0.59 *** 4.91 x 10
-2
 7.85 x 10
-3
 2.91 x 10
-2
 5.66 x 10
-3
 
Acetic acid 0.55 *** 3.18 x 10
-2
 8.78 x 10
-3
 1.74 x 10
-2
 5.33 x 10
-3
 
L-leucine 0.58 *** 3.15 x 10
-2
 5.34 x 10
-3
 1.83 x 10
-2
 2.44 x 10
-3
 
L-phenylalanine 0.68 *** 3.08 x 10
-2
 5.24 x 10
-3
 2.09 x 10
-2
 2.12 x 10
-3
 
Cytosine 0.44 *** 2.96 x 10
-2
 8.82 x 10
-3
 1.31 x 10
-2
 4.89 x 10
-3
 
L-glutamine 0.69 *** 2.94 x 10
-2
 6.26 x 10
-3
 2.02 x 10
-2
 9.88 x 10
-4
 
Orotidine 0.96 
 
2.76 x 10
-2
 4.21 x 10
-3
 2.64 x 10
-2
 2.03 x 10
-3
 
L-alanine 1.25 *** 2.09 x 10
-2
 1.24 x 10
-3
 2.61 x 10
-2
 2.02 x 10
-3
 
Orotic acid 0.66 *** 2.52 x 10
-2
 7.11 x 10
-3
 1.67 x 10
-2
 4.02 x 10
-3
 
L-lactic acid 0.7 ** 2.43 x 10
-2
 6.05 x 10
-3
 1.69 x 10
-2
 6.10 x 10
-3
 
Glycine 0.88 ** 2.42 x 10
-2
 2.30 x 10
-3
 2.12 x 10
-2
 2.11 x 10
-3
 
L-aspartic acid 0.85 *** 2.38 x 10
-2
 1.91 x 10
-3
 2.02 x 10
-2
 1.16 x 10
-3
 
Uracil 0.62 *** 2.26 x 10
-2
 8.45 x 10
-3
 1.41 x 10
-2
 4.34 x 10
-3
 
L-tyrosine 0.97 
 
1.53 x 10
-2
 2.25 x 10
-3
 1.48 x 10
-2
 1.40 x 10
-3
 
Glycerol 1.32 
 
1.02 x 10
-2
 4.23 x 10
-3
 1.34 x 10
-2
 4.81 x 10
-3
 
Glycerophosphorylcholine 5.57 *** 2.39 x 10
-3
 2.36 x 10
-3
 1.33 x 10
-2
 1.18 x 10
-3
 
ADP 0.63 * 1.05 x 10
-2
 6.78 x 10
-3
 6.63 x 10
-3
 4.30 x 10
-3
 
L-proline 1.04 
 
7.37 x 10
-3
 1.54 x 10
-3
 7.63 x 10
-3
 9.25 x 10
-4
 
D-glucose 0.91 
 
5.23 x 10
-3
 8.40 x 10
-4
 4.78 x 10
-3
 1.10 x 10
-3
 
Citric acid 1.51 *** 3.32 x 10
-3
 8.66 x 10
-4
 5.03 x 10
-3
 1.30 x 10
-3
 
 
Metabolite 
[]37/[]30 p-value
1
 
30°C 37°C 
Mean
2 
SD
3
 Mean
2 
SD
3
 
L-asparagine 1.07 
 
3.67 x 10
-3
 5.92 x 10
-4
 3.93 x 10
-3
 6.25 x 10
-4
 
Succinic acid 0.91 * 3.75 x 10
-3
 9.31 x 10
-4
 3.41 x 10
-3
 5.33 x 10
-4
 
ATP 0.51 
 
3.20 x 10
-3
 2.93 x 10
-3
 1.64 x 10
-3
 1.06 x 10
-3
 
Adenine 0.71 
 
2.74 x 10
-3
 4.79 x 10
-3
 1.94 x 10
-3
 1.31 x 10
-3
 
Hypoxanthine 0.71 
 
1.22 x 10
-3
 5.50 x 10
-4
 8.70 x 10
-4
 6.48 x 10
-4
 
Trehalose 1.89 *** 3.30 x 10
-4
 1.69 x 10
-4
 6.25 x 10
-4
 2.00 x 10
-4
 
1
p-value: *p < 0.05, **p < 0.01, ***p < 0.001. Metabolites associated to P < 0.001 are highlighted in 
bold.
 2
Mean was calculated from the set of concentration estimates after applying Batman() function to 
the corresponding SNV preprocessed spectra. 
3
SD: standard deviation.  
 
Online Resource 7. S. cerevisiae metabolic atlas indicating metabolites that showed higher 
(red dots) or lower (blue dots) concentrations at 37°C than at 30°C, and enzymatic reactions 
corresponding to the genetic products of genes over-(black lines) or underrepresented (green 
lines) in yeast cells grown at 36°C. 
 

